Inhibition of Kv4.3/KChIP2.2 channels by bupivacaine and its modulation by the pore mutation Kv4.3V401I.
The transient outward current Ito is an important repolarizing K current in human ventricular myocardium mediated by Kv4.3 and KChIP2.2 subunits. Inhibition of Ito by amino-amide local anesthetics may be involved in severe cardiotoxic side effects. This study elucidates the molecular mechanisms of bupivacaine interaction with complexes formed by Kv4.3 and KChIP2.2 as well as the modulatory effect of KChIP2.2. For this purpose, the pharmacologic effects of bupivacaine on Kv4.3wt/KChIP2.2 channels and on the pore mutant Kv4.3V401I were investigated. Kv4.3/KChIP2.2 cDNA was transiently expressed in Chinese hamster ovary cells. Site-directed mutagenesis and patch clamp experiments were performed to analyze the effects of bupivacaine on wild-type and mutant channels. Inhibition of Kv4.3wt/KChIP2.2 channels by bupivacaine was concentration-dependent and reversible. The IC50s for inhibition of the charge conducted by Kv4.3wt/KChIP2.2 channels by bupivacaine and levobupivacaine were 55 +/- 8 and 50 +/- 5 microm, respectively. The local anesthetic accelerated macroscopic current decline of Kv4.3wt/KChIP2.2 and slowed recovery from inactivation without altering steady state inactivation. KChIP2.2 altered the response of Kv4.3wt channels to bupivacaine and bupivacaine modulated KChIP2.2 effects on Kv4.3wt channels. The pore mutation V401I slowed macroscopic current decline of Kv4.3 channels and recovery from inactivation, and it diminished modulation of gating by KChIP2.2. Bupivacaine inhibition of Kv4.3V401I resembled Kv4.3wt and was not changed by coexpression of KChIP2.2. These results indicate that bupivacaine blocks Kv4.3/KChIP2.2 channels from the open state. They furthermore give structural evidence that amino-amide local anesthetics interfere with the effects of KChIP2.2 on Kv4.3 by an indirect mechanism.